Despite its reputation as a car-oriented city, the Los Angeles metropolitan area has made substantial investments in developing rail transit since 1990. In cities with older "legacy" rail systems, the built environment has developed over time around fixed transit infrastructure, creating land use patterns oriented towards long-standing rail stations. By contrast, rail stations in Los Angeles were added to an already dense built environment, with auto oriented zoning and established land use patterns. In this paper we ask whether redevelopment is occurring around Los Angeles' rail stations, and whether zoning and related public policies are facilitating or constraining transit-oriented development. We conduct case studies of six Metro rail stations in the Los Angeles region, documenting the existing built environment, key components of zoning and land use planning, and the extent and type of new development in the immediate vicinity of stations after they opened. Results illustrate that redevelopment around transit stations involves complex interactions between physical environment, economic conditions and public interventions. Incompatible zoning and related land use policies may constrain growth near stations, but TOD-friendly zoning alone is not sufficient to spur development.
This research builds on several related strands of literature in urban economics and planning. Standard urban economic models predict that building new rail stations should increase the accessibility of surrounding neighborhoods, leading to higher land values and attracting higher density development (Alonso 1964 , Brueckner 1987 , Mills 1967 , Muth 1969 .
The increase in accessibility may vary by types of rail systems: LA Metro and most subway systems primarily connect neighborhoods within the central city core, while commuter rail systems are intended to link outlying residential areas with the central business district. There are multiple potential barriers that can impede or prevent development near stations, especially in dense urban areas. In general, redevelopment is profitable if expected rents (prices) from the new use are high enough to warrant replacing existing low-density structures with substantially higher density buildings (for instance, replacing single-family detached homes with multifamily buildings). Redevelopment incurs higher costs than "greenfields" development, including demolition of existing structures, possible environmental remediation, and the need to assemble land parcels from multiple owners (Wheaton 1978) . Thus redevelopment near newly built stations will only occur if land values around the station have substantially increased since the time at which existing structures were built.
Besides economic factors that affect land values, zoning and other forms of land use regulation may constrain higher-density redevelopment near stations. For instance, if new stations are opened in areas zoned exclusively for low-density residential land use, it is unlikely 3 that large volumes of new housing or employment could emerge near the station, even if firms and developers wished to locate nearby. Zoning could impede redevelopment through a variety of mechanisms, including bans on compatible land uses, density limitations, or procedural rules that add to "soft" development costs. In California, a particular obstacle is likely to be the California Environmental Quality Act (CEQA), which requires public review and comment as part of an environmental impact review for nearly all development projects (Olshansky 1996) .
That is, even under ostensibly friendly zoning, political and neighborhood opposition may delay or block development. Prior research has shown that land use regulations in a variety of forms can exert substantial effects on the quantity and price of housing (Glaeser et al 2005 , Glaeser et al 2006 , Quigley and Raphael 2004 , Schuetz 2009 ). Conversely, if public officials and nearby residents want to facilitate change near transit stations, they can employ various political and institutional tools: increasing the allowable density, granting density bonuses or fast-tracking proposed development, and soliciting development through public-private partnerships.
Coordinating zoning changes and other land use policies around the time of station opening should increase the probability of redevelopment near stations.
Combining predictions from these theories suggests that whether redevelopment occurs near new stations in urban areas will depend on the interaction between underlying property values, the pre-existing density and mix of land uses, and prevailing land use regulations. Further, we draw on multiple administrative data sources and use innovative metrics to identify urban redevelopment, in ways that standard datasets generally cannot capture.
The Los Angeles Metro rail system offers a particularly interesting setting to study the emergence of transit-oriented development. Because it is a relatively new system, long-term land use patterns are still emerging, and there is sufficient variation in station opening dates to observe the timing of changes. The LA region differs from older East Coast cities with legacy 5 transit systems is several ways that may affect the demand for rail transit: employment is polycentric and spread across a very large land area, commuters are much more likely to drive in cars than take public transit, and among those who do ride mass transit, bus ridership substantially outnumbers rail ridership. Moreover, the locations selected for Metro stations were determined more for political expediency than economic efficiency, which may diminish the potential for both ridership and nearby development (Elkind 2014 , Taylor et al 2009 .
Results indicate that redevelopment outcomes and zoning are quite heterogeneous across stations, and suggest that zoning has the potential to constrain redevelopment near at least some stations. Three of the six station areas -Hollywood/Vine, Pershing Square, and Del Mar -have seen substantial increases in housing stock and some new commercial space within several blocks of the stations. All three of these areas have relatively TOD-friendly zoning, moderately dense existing environments and strong real estate markets, and benefitted from active local government efforts to encourage development. The other three stations -Civic Center, Vermont/Santa Monica, and Highland Park -have had few if any changes in the building stock.
In two of these cases, incompatible zoning may constrain development near stations, while two areas have had relatively soft real estate markets since the stations opened.
The remainder of this paper is organized as follows. Section 2 provides some context for rail transit in the Los Angeles region; Section 3 describes our criteria for selecting case stations, the data sources and methods of analysis. Section 4 presents results for each of the six cases, while Section 5 concludes.
Section 2) Rail transit in Los Angeles
The Los Angeles Region is the second largest metropolitan area in the US, with 2010 Corridor (Center 1 in Figure 1 ), it accounted for about 11 percent of regional employment in 2005 (Giuliano et al 2015) . The metro area is also highway oriented; the largest employment clusters are located along major freeway corridors and interchanges.
The commitment to rail transit in Los Angeles is long-standing and substantial. Efforts to build a rail system in Los Angeles began in the 1960's. The city was losing population and jobs to rapid suburbanization, and it was thought that a subway along the Wilshire Corridor would revitalize the central city. A new transit authority was established in 1964 with the authority to submit tax proposals to local ballots. Tax proposals to finance the subway were defeated in 1968 , 1974 , and 1976 . However, in 1980 a new proposal for a countywide rail network ($182 billion in 1980 dollars) was presented, and a proposal for a five cent sales tax was passed (Fulton, 1996 Including at least one station in a city other than Los Angeles also allows us to compare systematically different local government approaches to zoning and land use planning.
Within each of the three targeted neighborhoods, we then selected two study stations with contrasting patterns of development post station opening. One station where we observed substantial development consistent with TOD principles (mixed-use, higher density residential) was selected, and one more "typical" station where we observed little development was selected.
Contrasting cases within the same neighborhood allows us to examine both the localized factors that affect TOD and why stations in fairly close spatial proximity and with similar underlying demographic, economic and physical characteristics might follow different trajectories. The selected stations are listed in Table 1 While we present data on many of the factors that are likely to influence neighborhood development, there are likely to be unobservable characteristics that are correlated both with development outcomes and with zoning and underlying real estate markets. Moreover, we are not formally testing relationships between redevelopment and contributing factors. Thus we are not able to draw causal links between redevelopment and any particular input (zoning, property values, existing built environment, or demographic characteristics).
3.2) Data sources
The location and opening dates of rail transit stations were assembled from the Los Table 2 . Additional information on Community and Specific Land Use Plans, including plan adoption dates, were obtained from the Los Angeles City Planning website.
Zoning information around the Del Mar station was obtained from the Central District Specific
Plan on the City of Pasadena's website ( Figure 6 ). Incorporating information from land use plans provides a more comprehensive and accurate picture of the effective constraints on development than can be obtained from citywide baseline zoning, as is typical of most prior studies. In particular, we identify where allowed uses and densities in land use plans override or contradict with baseline zoning.
To track changes in physical development around stations, we rely on three data sources.
Property-level data on housing sales from 1988 to 2012 were obtained from DataQuick, a private data vendor. In addition to sales volume and prices, these data include the number of housing units per structure and year they were built. Our study areas include two housing types that are For parcels adjacent to each rail station, we document the property type and year built, as well as number of housing units for residential buildings. For commercial buildings converted to residential use, the year housing units were created is obtained from building permits.
Combining multiple data sources and investigating changes in the built environment beyond newly built structures produces a richer and more accurate description of urban redevelopment than simply focusing on counts of housing sales or new construction. Register. We document employment by industry (two-digit NAICS codes) around station areas in 2013, the most recent year available. The demographic data are estimated from geographic areas larger than the immediate station vicinity, so may not accurately reflect the highly localized conditions near the station. This information is presented purely for descriptive purposes.
4) Findings from station case studies
For each station, we present information on physical development patterns and some of the underlying conditions that could have affected changes over time. First, we provide a general description of the current physical and economic environment around each station.
Second, we explore the basic components of current zoning and land use planning, and determine whether these elements have changed since the stations began operation, or whether 12 other public interventions have been employed to impact development. Third, we describe the type and quantity of physical development that has occurred in the immediate vicinity of the station, since station opening.
4.1) Civic Center Station, Downtown Los Angeles
The Civic Center station is located in the Civic Center sub-neighborhood of Downtown Los Angeles, two blocks west of City Hall (Figures 2 and 3) . The Central City Community Plan (which covers both Civic Center and Pershing Square station areas) describes the neighborhood as the "governmental, financial and the industrial hub of Los Angeles", with a relatively small albeit growing residential population. The Civic Center station area is dominated by city and county government buildings and other public facilities. Two blocks west of the station is a large performing arts complex, including the Frank Gehry-designed Disney Hall and newly opened Broad Art Museum (Finkel 2015) . The residential population near the station is quite small, due to the limited housing nearby. 6 The Civic Center station area has by far the highest employment density of the stations in this study, two-thirds of which are in public or institutional sectors. Besides the government agencies and performing arts complex, the area has some small retail and food service establishments that serve nearby office workers.
The zoning near the Civic Center station reflects the dominance of government buildings and publicly owned land (Figure 2 ). More than half the land in the study area is zoned exclusively for Public Facilities, with allowable uses limited to government buildings, fire and police stations, libraries, and similar public uses. On the south side of the station, parcels are 13 zoned for high-density multifamily residential and commercial (Table 2) . These parcels are occupied by large apartment and office buildings that were built prior to the station opening. Table 1 ). The station area has fairly high employment density, with about half of employment in commercial sectors and one-third in industrial sectors.
Zoning in the station area allows a diverse mixture of uses and substantial density for both residential and commercial uses. Most of the land parcels within one-quarter mile of the station allow by-right development of retail, offices, hotels, theaters, medical facilities, and both single-and multifamily dwellings ( Table 2) . As in Pershing Square, some of the pre-1940 buildings exceed the currently allowable densities. In addition to baseline zoning, development in the area is regulated by the Hollywood Community Plan, adopted in 1988. The goals expressed in the Community Plan reflect the diversity of land uses throughout the broader Hollywood neighborhood: protecting low-density residential areas from "scattered intrusion of apartments"; protecting hillside areas from erosion; appropriate separation between commercial and industrial uses and housing; and "encouraging the revitalization of the motion picture industry". The Community plan -which was adopted well into the Metro planning process but before construction of the Red Line had been completed --also notes that "Several proposed
Metro Rail stations are to be located in Hollywood. If higher intensity development is to be encouraged in the vicinity of these Metro Rail Stations, station area master plans should be Zoning near Vermont/Santa Monica reflects the area's mixture of commercial and residential uses: parcels along the two main streets are zoned medium density commercial while the side streets are zoned for medium density multifamily residential (Table 2) (Table 2) .
Some existing commercial and residential structures are at or above currently allowable densities. The three plans not only have different rules governing allowable uses, dimensions, procedures, and other specific components, but the language of the plans and stated goals reveals some contradictions and tensions in the expectations of development around the station. For 24 instance, the Community Plan largely frames development as a challenge to be controlled, rather than a desired outcome. It repeatedly mentions the need to separate commercial and residential uses -more typical of older, single-use zoning rather than the New Urbanist-inspired mixed-use zoning generally associated with TOD -and calls for creating more parking to serve commercial areas, again in conflict with the goals of TOD. According to the Community Plan, the TOD specific plan "is being prepared to regulate development near the station stop and guide development so that the mistakes of the recent past are not repeated" (Community Plan p. I-5).
Throughout the document, the destruction of historic buildings and loss of neighborhood character incurred by new development are referred to as "mistakes of the past". These motivations are also frequently referenced in the HPOZ, which establishes a number of procedural requirements to review any proposed demolition, alteration, or redevelopment of existing structures.
The language of the TOD Neighborhood Plan also reflects an attempt to balance multiple economic, physical, aesthetic and social goals. The plan outlines some incentives -reduced parking requirements, increased FAR and streamlined approval process -designed to induce reuse of existing structures and introduce residential elements in the commercial area. The plan also calls for live-work spaces for specified professional and creative occupations, and
designates an "Artwalk" area that allows various artistic production activities in previously residential-only spaces. Although some density bonuses are offered in exchange for improving pedestrian amenities, the plan still stresses the need to maintain the "historic character" of the neighborhood, including "limiting the massing of parcels to maintain an appropriate scale of development". It is unclear whether the type of land assembly and redevelopment which occurred at the Hollywood/Vine station would be allowed in Highland Park. Besides the specific zoning changes and incentives, the TOD Neighborhood Plan outlines an ambitious set of social and economic goals:
"maintain a diverse community, where people of many different ages, incomes, family formation types, and cultural perspectives will live, work and shop in harmony…maintain a stable community that residents can invest in and live in from childhood through family formation, to retirement…retain, support and expand the traditional local population of working writers and artists in the neighborhood" 
Section 5) Discussion and policy implications
Los Angeles is among a number of U.S. metropolitan areas that have invested substantial resources to build intra-city rail systems in the past 25 years. Local policymakers hope that, in addition to improving transportation flows, their investments will spur physical redevelopment around station areas. Urban economics models provide somewhat ambiguous predictions about whether redevelopment near stations will occur, depending on increases in property values and the costs of redevelopment, which in turn depend on the existing built environment and land use regulation. Our results show considerable variation in the quantity, density and type of development. Synthesizing the cases suggests that several conditions contribute to the probability of transit-oriented redevelopment: compatible zoning, strong underlying real estate markets, active engagement by local government agencies, and (in most cases) political support from neighborhood residents.
Zoning
Zoning is enormously complicated, often governed by several layers of plans, each with multiple dimensions, and sometimes conflicting terms. The Highland Park case is perhaps the best example of multi-layered, potentially conflicting zoning and land use plans, but zoning around all six station areas present non-trivial challenges for development. The complexity of both written rules and process may deter less experienced landowners or developers from attempting even modest projects, such as small landlords adding ground floor retail or renting accessory apartments. Even for more sophisticated and well-financed development firms, the uncertainty and length of the process needed to navigate complicated rules will increase development costs, so redevelopment will only occur if developers anticipate very large profitswhere land values are high and it is possible to redevelop at substantially higher density than current buildings. Higher development costs are likely to be passed on to consumers (households) through higher prices or rents. And it is notable that, even near some of the stations with ostensibly TOD-friendly zoning (Pershing Square and Highland Park), allowable densities for new buildings are lower than that of existing structures.
Local real estate market
Underlying land values and real estate markets are highly localized, so incentives for redevelopment can vary considerably even within relatively small geographic distances. The network. Under such conditions, the station itself cannot be a significant influence on land values or development demand. The vision of county and city leaders is to promote station development in order to create the market for transit (and achieve other policy goals, such as increasing affordable housing). It is therefore reasonable that zoning, local markets, and active public leadership would all be critical factors in station area development. We expect that our findings in Los Angeles may be relevant to the many other cities in the US that are seeking to transform the built environment by investing in rail transit.
Finally, this research reveals some important measurement issues for researchers studying TOD. In the sample cases, both the outcome of interest (development) and the key independent variable (zoning) are extremely difficult to measure accurately even for a small number of data points. The complexity of zoning has long challenged empirical researchers (see 
